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Table 1. Designation, origin and source of the phytoplasma
isolates 1

Designation for 
Phytoplasma Diseases Origin Source 2

AYNJ Aster yellows (New Jersey strain) 1
AYW Aster yellows (Western strain) 1
EY Elm yellows 1
IOWB Ipomoea obscura witches' broom 2
LWB Loofah witches' broom 2
PNWB Peanut witches' broom 2
RYD Rice yellow dwarf 3
SPWB Sweetpotato witches' broom 2
SPWBM Mainland China strain of 1

sweetpotato witches' broom
SWL Sugarcane white leaf 4
1. The RYD and SWL phytoplasmas were obtained from their

natural host plants, rice and sugarcane, respectively; the others
were from periwinkle.

2. Collected and/or transmitted to periwinkle, or scions originally
provided by: 1. T. A. Chen, Rutgers University, New Jersey,
USA; 2. I. L. Yang, Taiwan Agricultural Research Institute,
Wufang, Taiwan; 3. C. C. Chen and W. H. Ko, Taichung District
Agricultural Improvement Station, Changhua, Taiwan; 4. C. T.
Chen, Taiwan Sugar Research Institute, Tainan, Taiwan.

16S-23S
spacer

Table 2. Primers used for PCR amplification of 16S-23S
spacer of phytoplasmas

Primer Sequence (5' to 3') Position Length (mer)

G1' AAGTCGTAACAAGGT 1485-1499 1 15
L1 CAAGGCATCCACCGT 74-60 2 15
fH3 CTAAGGTAGGGTCGA 1459-1473 1 15
rH3 GTTTCGCCGTTAATT 5-21 2 15
1. The numbers of positions are the numbers in the 16S rRNA

sequence of the strain OAY phytoplasma (22).
2. The start site in the 23S rRNA sequence of the strain SAY

phytoplasma is designed as nucleotide number 1 (20).
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RNA operon
Fig. 1. Schematic representation of a procaryotic rRNA operon showing the approximate priming sites of the primers used in the
study for PCR amplification of the 16S-23S spacer region. The number of tRNA genes in the spacer region is subjected to variations.
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G1'/L1 (A) fH3/rH3 (B) PCR 16S-23S spacer DNA
Fig. 2. PCR amplification of the 16S-23S spacer using G1'/L1 (A) and fH3/rH3 (B) from 11 phytoplasmas described in the Table
1. PLWB, Paulownia witches' broom (prepared in this lab). Lane M1, x174 RF DNA digested with HaeIII, fragment size in
base pairs from top to bottom: 1353, 1078, 872, 603, 310, 281, 271; lane M2, 100bp DNA ladder showing the smallest fragment
of 300 bp and the larger ones with 100 bp increment each to indicate the products in the sizes between 300 and 500 bp; lane HP,
healthy periwinkle; lane HR, healthy rice.
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16S-23S spacer
Fig. 3. Phytoplasma 16S-23S spacer sequence alignment. Coding regions are indicated with heavy lines. Primer sequences used
to amplify spacers are shaded, and these sequences do not necessarily represent original sequences of phytoplasmas. Sequences
in the tRNAIle that correspond to anticodons are shown in the box. The highly conserved sequences implicated in rRNA
processing are indicated with single lines above. Gaps are represented by "-". The ambiguous bases are abbreviated as
recommended by the International Union of Biochemistry: R, A or G; Y, C or T; M, A or C; K, G or T; S, G or C; W, A or T; H,
A or C or T; B, C or G or T; V, A or C or G; D, A or G or T; N, A or C or G or T. Sequence of SAY, from Kuske and Kirkpatrick, 1992.
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16S-23S spacer
Fig. 5. Phylogenetic relationships of 11 phytoplasmas inferred by 16S-23S spacer sequence. The tree depicted represents the
strict consensus tree of 3 equiparsimonious trees by use of a heuristic search in PAUP. Tree length = 610; consistency index =
0.854; retention index = 0.845. The numbers indicated on the right stand for the group numbers.
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ABSTRACT
Hsyu, S. M. 1 and Lin, C. P. 1,2 2002. Phylogenetic relationships of phytoplasmas on the basis of sequences
of 16S-23S rDNA spacers. Plant Pathol. Bull. 11:199-206. (1. Department of Plant Pathology, National
Taiwan University, Taipei, Taiwan, R.O.C.; 2. Corresponding author, E-mail: cplin@ccms.ntu.edu.tw, Fax:
+886-2-23661980)

The phylogenetic relationships and classification of 10 phytoplasmas were established by analysis of
16S-23S rDNA spacers, the regions with variation in prokaryotic rrn operon. The spacer regions were
amplified by polymerase chain reaction using two primer pairs, G1'/L1 and fH3/rH3. One spacer fragment
was amplified for each phytoplasma, except loofah witches' broom (LWB) phytoplasma. There were three
amplified spacer fragments for LWB phytoplasma. These amplified DNA were sequenced, and the results
showed that the phytoplasma 16S-23S spacer region contains a single tRNAIle; however, there is no tRNA in
two spacers of LWB phytoplasma, LWB-1 and LWB-3. In multiple alignment of phytoplasma spacers, only
tRNAIle and two short segments, which may be involved in rRNA processing, appeared to be conserved.
Based on phylogenetic analysis of sequences from these 10 phytoplasmas using PAUP (phylogenetic
analysis using parsimony) software, these phytoplasmas could be classified into five groups. These
phytoplasmas groups and strains were: group 1, sweetpotato witches' broom, mainland China strain of
sweetpotato witches' broom, peanut witches' broom and Ipomoea obscura witches' broom; group 2, loofah
witches' broom; group 3, elm yellows; group 4, rice yellow dwarf and sugarcane white leaf disease; group 5,
New Jersey strain of aster yellows and western strain of aster yellows.

Key words: phylogenetic relationships, phytoplasma.


